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Chapter 1 Introduction Introduction 
1.1 CONTEXT AND OBJECTIVES 




Figure 1 Measurement chain of shielding effectiveness [7] 

























Chapter 2 Shielding Effectiveness Analysis 
Shielding Effectiveness Analysis 







2.2 MATHEMATICAL CONCEPT 
𝑆𝐸(𝑓)[𝑑𝐵] = 20 log10 (
𝐸𝑖(𝑓)
𝐸𝑡(𝑓)
) Equation 1 
𝑆𝐻(𝑓)[𝑑𝐵] = 20 log10 (
𝐻𝑖(𝑓)
𝐻𝑡(𝑓)
) Equation 2 
  
 
𝑆𝐸(𝑓)[𝑑𝐵] = 10 log10 (
𝑃𝑜𝑤𝑒𝑟 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑠ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔(𝑓)
𝑃𝑜𝑤𝑒𝑟 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑤𝑖𝑡ℎ 𝑠ℎ𝑖𝑒𝑙𝑑𝑖𝑛𝑔(𝑓)
) Equation 3 
 
2.3 PRACTICAL APPLICATION  
 
Figure 3 Schematic of the shielding effect
 Figure 4 Set-up for the SE determination with the LPDA antenna
Figure 5 Model of the set-up for the SE determination with the Bilog antenna 
Figure 6 IEEE 299: Schematic diagram of the test configuration for magnetic test showing di-
mensions of transmit and receive antennas (coplanar antenna orientations) [8]
Figure 7 Model of the set-up for the SE determination with the Loop antenna 
Figure 8 Opened (Left) and Closed (Right) configuration








Figure 9 Slot Antenna [2]
Chapter 3 Measurements Equipment 
Measurements Equipment 
3.1 SEMI-ANECHOIC CHAMBER 
 
 





Figure 11 Outside of the Semi-Anechoic chamber
 Figure 12 Image of Plate Nº1 (Group 1) 
 
Figure 13 Image of Plate Nº7 (Group 2) 
 
Figure 14 Image of Plate Nº9 (Group 3) Figure 15 Image of Plate Nº10 (Group 4) 
Figure 16 Image of the Clamps (1.2 cm - Left, 2 cm - Right)
3.3 NETWORK ANALYZER AND SIGNAL GENERATOR 
Table 1 Signal Generator [11] and Network Analyzer [12] Characteristics 
3.4 ANTENNAS 
3.4.1 Loop Antenna 
Figure 17 HLA 6121: Schematic (Left), Transmitter (Middle) and Receiver (Right) Table 2 Characteristics of HLA 6121 
3.4.2 Biconical Antenna 
Figure 18 VBA 6106A: Schematic (Left) and Image (Right) Table 3 Characteristics of VBA 6106A 
3.4.3 LPDA Antenna [15] 
 
Figure 19 UPA 6109: Schematic (Left) and Image (Right) Table 4 Characteristics of UPA 6109 
3.4.4 Bilog Antenna 
Figure 20  CBL 6111D: Schematic (Left) and Image (Right) Table 5 Characteristics of the CBL 6111D 
  
Figure 21 CBL 6143A: Schematic (Left) and Image (Right) Table 6 Characteristics of CBL 6143A 
3.4.5 Horn Antenna [18] 
  











Chapter 4 Measurements of the Shielding Effectiveness 
Measurements of the Shielding Effectiveness 
4.1 ASSEMBLY OF THE EQUIPMENT 
 
Figure 23 Aperture of the chamber close/open (up/down) from the outside/inside (left/right) 
 
 4.2 MEASUREMENT METHODOLOGY 
 
 
Table 8 Frequency steps of the measurements 
Figure 24 Inside view of the control room
Figure 25 Schematic of the system
4.3 ANALYSIS OF THE ANTENNA DISTANCE EFFECT 
≃ =








≃ 500  𝑀𝐻𝑧
 
4.3.1 Loop Antenna 


















Loop Antenna: SE & DR
SE - 20 cm SE - 30 cm DR - 20 cm DR - 30 cm DR - 60 cm
4.3.2 Biconical Antenna 















Biconical Antenna: SE & DR
SE - 100 cm SE - 150 cm SE - 225 cm DR - 100 cm DR - 150 cm DR - 225 cm
4.3.3 Bilog Antenna 














Bilog Antenna: SE & DR
SE - 25 cm SE - 50 cm SE - 100 cm DR - 25 cm DR - 50 cm DR - 100 cm
4.3.4 Horn Antenna 













Horn Antenna: SE & DR
SE - 22.5 cm SE - 55 cm SE - 110 cm DR - 22.5 cm DR - 55 cm DR -110 cm










Table 10  Configuration parameters of the analysis 

















Biconical/Bilog/LPDA: SE & DR
SE - Biconical SE - Bilog SE - LPDA DR - Biconical DR - Bilog DR - LPDA
Figure 31 Comparison of Bilog and Horn performance (Plate Nº9/1mm/1.2 cm clamp) 
 
 
4.5 SE DYNAMIC RANGE 












Bilog/Horn: SE & DR
SE - Bilog SE - Horn DR - Bilog DR - Horn












Loop Antenna (30 cm) Biconical Antenna (100 cm) Bilog Antenna (50 cm) Horn Antenna (55 cm)

Chapter 5 Numerical Simulation – SEMCAD X 
Numerical Simulation – SEMCAD X 
5.1 SEMCAD X 
Figure 33 Interface with the simulation hardware



















































































Figure 35  E- and H-field components in the staggered grid [21].














∆𝑥  ∆𝑦 ∆𝑧
Equation 9 




5.4 MATERIAL PROPERTIES 
5.5 MODELS 
5.5.1 Semi-Anechoic Chamber 
 
  
Figure 37 Model of the Semi-Anechoic Chamber
Figure 36 Square Opening: Original vs. Model
5.5.2 Plates 
Figure 38 Plate Nº1: Original vs Model 
Figure 39 Plate Nº2: Original vs Model 
Figure 40 Plate Nº3: Original vs Model 
Figure 41 Plate Nº4: Original vs Model 
Figure 42 Plate Nº5: Original vs Model 
Figure 43 Plate Nº6: Original vs Model 
Figure 44 Plate Nº7: Original vs Model 
Figure 45 Plate Nº8: Original vs Model 
Figure 46 Plate Nº9: Original vs Model 
Figure 47 Connectors: Originals vs Models 
Figure 48 Plate Nº10: Original vs Model 
5.5.3 Antennas 
Figure 49 Loop Antenna: Original vs Model Figure 50 Horn Antenna: Original vs Model 
Figure 51 Bilog Antenna: Original vs Model 
 
 
5.6 SIMULATIONS CONFIGURATION AND VOXEL VERIFICATION 
Table 11 Simulations Settings 
Figure 52 Model with 3mm Ø holes 
Figure 53 Voxels of Figure 52 without cell size limitation 
Figure 54 Voxels of Figure 52 with cell size limitation 





Chapter 6 Evaluation and Improvement of the Results 
Evaluation and Improvement of the Results 










≃ 6 𝐺𝐻𝑧 Equation 10 
Figure 55 Apertures of Plates Nº1 (Red) and Nº2 (Blue)

















Simulation Loop Biconical Bilog Horn DR
Figure 57 Results of Plate Nº3 


























Plate Nº1 vs Nº3: Effect of the aperture size/shape
Biconical - 1 Bilog - 1 Horn - 1 Biconical - 3 Bilog - 3 Horn - 3
6.2 PLATE Nº2: ORIENTATION EFFECT 









≃ 6.25 𝐺𝐻𝑧 Equation 11 









≃ 1.28 𝐺𝐻𝑧 Equation 12 
Figure 59 Plate Nº2 Orientation: Horizontal (Red) vs Vertical (Blue)



















Plate Nº2: Effect of the Orientation
Simulation - H Simulation - V Measurements - H Measurements - V DR
  
 
6.3 PLATES Nº4 & Nº5: DIAMETER SIZE EFFECT 









≃ 3.75 𝐺𝐻𝑧 Equation 13 









≃ 2.72 𝐺𝐻𝑧 Equation 14 
Figure 61 Plates Nº4 (Red) and Nº5 (Blue)



















Plates Nº4 & Nº5: Effect of the Aperture Diameter
Simulation - 4 Simulation - 5 Measurements - 4 Measurements - 5 DR
  
 
6.4 PLATES Nº6, Nº7 & Nº8: MATERIAL AND DIAMETER SIZE EFFECT 
 
Figure 63 Induced currents: circular and rectangular openings
Figure 64 Image of Plate Nº6 
(Front side)
Figure 65 Image of Plate Nº7 
(Back side)
Figure 66 Image of Plate Nº8 
(Front side)









2 · 1.16 𝐺𝐻𝑧
≃ 130 𝑚𝑚 Equation 15 





2 · 700 𝑀𝐻𝑧














Plates Nº6, Nº7 & Nº8: Effect of material and holes diameter
Simulation - 6 Simulation - 7 Simulation - 8 Measurements - 6




2 · 1.16 𝐺𝐻𝑧
≃ 13 ≃
𝑐
2 · √𝜖𝑟 · 730 𝑀𝐻𝑧
⇒ 𝜖𝑟 = 2.5 Equation 17 
Figure 68 Visual analysis of the imperfections in Plates Nº6, Nº7 and Nº8
  






2 · 299 𝑚𝑚
≃ 501 𝑀𝐻𝑧  Equation 18 
Figure 70 Image of plate Nº9 with a EM clamp in 
the middle of the opening
Figure 69 Aperture width of Plate Nº9





















Plate Nº9: Effect of the Aperture Width
Simulation - 1 mm Simulation - 5 mm Measurements - 1 mm Measurements - 5 mm

















Plate Nº9: Effect of the EM Clamp
Simulation - No EMC Clamp Simulation - 1.2cm EMC Clamp
Measurements - No EMC Clamp Measurements - 1.2cm EMC Clamp
Figure 72 Model of Plate Nº9 with an EM clamp in the middle of the aperture
  
Figure 74 Results of Plate Nº9: EM clamps of 1.2/2 cm length and opening width set to 2 mm 














Plate Nº9: Effect of the EM Clamp Length
Simulation - 1.2cm EMC Clamp Simulation - 2cm EMC Clamp
Measurements - 1.2cm EMC Clamp Measurements - 2cm EMC Clamp
σc
Table 12 Nº of Mcells required for the simulation 













Plate Nº10: TRS vs PEC
TRS PEC
Figure 75 Plate Nº10: Original (Left) and Model (Right)
  














Plate 10: Measurements vs Simulation
Simulation Loop Biconical Bilog Horn
  
6.7 MISMATCH BETWEEN SIMULATIONS AND MEASUREMENTS 













Plate Nº9: Mismatch in the range [30 - 200] MHz 
Simulation - [30 MHz, 1 GHz] Simulation - [30 MHz, 200 MHz] Biconical Bilog
 
Chapter 7 Conclusions and Future Research Lines 
































7.2 FUTURE RESEARCH LINES 
Table 14 Apertures dimensions 
 
Figure 79 Set-up for the SE determination of the stones in the semi-anechoic chamber 












SE of the stones
Measurement Stone 5cm Measurement Stone 10cm Measurement Stone 15cm
Figure 81 Metal fixing Figure 82 Plastic fixing













Stone 5cm: Distance Between Antennas Effect
1m. 5cm 0.5m. 5cm 0.2m. 5cm 0.1m. 5cm
Figure 83 Set-up with free-space conditions in the 
fully-anechoic chamber
Figure 84 Set-up with the stone between the antennas in the 
fully-anechoic chamber
Figure 86 Results of the 10 cm thick stone in the fully-anechoic chamber 














Stone 10 cm: Distance Between Antennas Effect












Stone 15cm: Distance Between Antennas Effect
1m. 15cm 0.5m. 15cm 0.25m. 15cm 0.2m. 15cm













0.2m. 5cm 0.2m. 10cm 0.2m. 15cm














Loop Biconical Bilog Horn DR - Loop DR - Biconical DR - Bilog DR - Horn
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